Transport vesicles are tethered to their target membrane prior to the interaction of v-SNAREs and t-SNAREs across the membrane junction. Recent evidence suggests tethering is a complex process requiring multiple components.
Tethering is defined as the initial attachment of a transport vesicle with its target membrane, an event that occurs prior to pairing of SNAREs (the acronym stands for 'SNAP receptors', where SNAP is 'soluble NSF attachment protein' and NSF is the ATPase 'N-ethylmaleimidesensitive factor'). Tethering factors have now been identified for a number of different membrane transport steps, and although they appear diverse in terms of primary structure, they share common characteristics in being either elongated coiled-coil proteins or multisubunit complexes. The latter category is typified by TRAPP (for 'transport protein particle'), a complex of ten subunits which has recently been identified as an essential factor for tethering of endoplasmic reticulum (ER)-derived transport vesicles to Golgi membranes [2] .
TRAPP was identified using a combination of yeast genetics and protein biochemistry. The TRAPP subunit Bet3p was first identified by virtue of its genetic interactions with the ER-to-Golgi t-SNARE Bet1p [3] . Epitope tagging of Bet3p and purification of the tagged protein from yeast lysates resulted in the isolation of the TRAPP complex [4] . TRAPP is highly conserved in evolution, with yeast subunits sharing between 29 and 54% identity at the aminoacid level with their human counterparts [4, 5] . There is no sequence homology with other known proteins. Genetic interactions between the TRAPP subunits Bet3p and Bet5p with several ER-to-Golgi SNAREs, Uso1p (a Golgi tethering factor), and Yprt1p (a member of the Rab family of small GTPases with a demonstrated role in vesicle docking), strongly suggested that TRAPP was involved in a late stage in ER-to-Golgi transport [3, 6] . This was confirmed by in vitro experiments which showed that TRAPP acts after vesicle budding from the ER but before fusion with the Golgi complex [4] . TRAPP has been localised by subcellular fractionation and light microscopy to the Golgi complex in yeast, and unlike the ER-to-Golgi SNAREs, it appears not to cycle constitutively through the ER [2] . Furthermore, although TRAPP is a peripheral membrane protein complex, it is tightly associated with Golgi membranes and is even resistant to extraction with the non-ionic detergent Triton X-100 [5] . These findings are consistent with the idea that TRAPP might determine the site of delivery of ER-derived transport vesicles. A role for TRAPP in vesicle tethering was subsequently demonstrated using an in vitro transport assay designed to distinguish between the attachment and fusion of ER-derived vesicles with Golgi membranes [2] . Inhibition of SNARE assembly prevented fusion but not vesicle attachment, while depletion of Bet3p prevented both attachment and fusion. These were restored by addition of Bet3p-containing cytosol, suggesting Bet3p was the missing component, but formal proof awaits the re-addition of purified native TRAPP, which has so far been unavailable.
In addition to TRAPP, two other factors are required for tethering of ER-derived vesicles to Golgi membranes in yeast: Uso1p and the Sec34p-Sec35p complex (Figure 1 ). Uso1p is a parallel homodimer with two globular heads and an extended coiled-coil tail [7] . Unlike TRAPP, Uso1p is largely cytosolic and is recruited onto membranes during transport in a Ypt1p-dependent manner [8] . Uso1p appears to be the major cytosolic tethering factor for ERderived vesicles, as purified Uso1p alone can substitute for total cytosol in an in vitro vesicle tethering assay [8] . While the subunit composition of the approximately 700 kDa Sec34p-Sec35p complex is not clear [9, 10] , it is known to peripherally associate with membranes [9] [10] [11] and depletion of either Sec34p or Sec35p prevents tethering of ER vesicles in the same in vitro tethering assay used to show the tethering function of Uso1p [9, 11] . Neither Sec34p or Sec35p share any similarity with TRAPP subunits, indicating these are distinct complexes. The three ER-toGolgi tethering factors interact genetically, consistent with their role being at the same stage in transport, but whether any physical association exists is unclear, as is the underlying mechanism by which the three factors co-operate in the tethering reaction. Does tethering of ER-derived vesicles to Golgi membranes share common features with tethering events in other membrane transport steps? One common feature is the requirement for a Rab protein, with genetic and/or physical interaction between the tethering factor and a Rab protein demonstrated in nearly all cases. Another feature common to most transport steps is the involvement of an elongated coiled-coil protein structurally similar to Uso1p [12] [13] [14] [15] . These are predominantly cytosolic proteins which are recruited onto membranes in a Rab protein-dependent manner. None of the coiled-coil tethers (apart from Uso1p) have so far been shown to act in conjunction with other oligomeric tethering complexes (analogous to TRAPP or Sec34p-Sec35p).
Tethering of post-Golgi secretory vesicles to the plasma membrane in yeast requires the heptameric 'Exocyst' complex, which is reminiscent of TRAPP [16] . The 'Exocyst' subunit Sec3p is restricted to sites of polarised secretion, suggesting that it marks plasma membrane docking sites for secretory vesicles [17] . Similarly, the mammalian 'Exocyst' homologue -the Sec6-Sec8 complex -is recruited to cell-cell contacts, where it specifies delivery of vesicles to the basolateral membrane of epithelial cells [18] . Electron microscopy studies have shown that the Sec6-Sec8 complex has a 30 nanometre elongated structure, with two arms projecting outwards from one end, suggestive of a linker function [19] . Whether the Sec6-Sec8 complex acts in conjunction with a coiled-coil protein is not known, but a physical association with septin filaments has been shown [19] suggesting these two structures may co-operate in vesicle tethering at the plasma membrane.
The identification of three different tethering complexes operating at one transport step suggests that tethering is more complex than a simple cross-bridging of two membranes. Tethering might rather be thought of as a series of events that leads to pairing of v-SNAREs and t-SNAREs at the target membrane (Figure 1 ). Important steps might include: first, specification of the vesicle delivery site; second, the recruitment of components capable of initiating vesicle capture; third, the formation of a bridge between the vesicle and target membrane; fourth, a conformational change to allow the v-SNAREs and t-SNAREs to come into close enough proximity to interact; and fifth, break-up of tethers to prime the tethering proteins for another round of transport.
The use of multiple tethering factors is likely to ensure the high selectivity and spatial and temporal regulation of membrane targeting. Precisely how multiple tethering factors co-operate to ensure proper targeting awaits the further characterisation of known tethering proteins, identification of other proteins with which they interact, and the development of more refined functional assays to study the functions of these proteins in greater detail.
